Introduction
high intensity exercise training, including training intensities exceeding VO 2 max, may lead to 81 adaptations in the AMPK signaling pathway, but this issue has not been investigated. 82 Regulation of muscle Ca 2+ fluxes during exercise does affect the development of fatigue (1). In 83 human skeletal muscles the multifunctional Ca 2+ /Calmodulin-dependent protein kinase (CaMK) II 84 is the major CaMK and was shown to be activated during low intensity exercise (48). Furthermore, 85 endurance training alters CaMKII cell signaling in human skeletal muscles (47). In contrast, 86 CaMKII thr287 phosphorylation is only elevated after high, and not low, intensity exercise (15). 87 Therefore, high intensity exercise training may induce adaptations in the CaMKII pathway via 88 changes in CaMKII thr287 phosphorylation, which will affect phospholamban (PLN) thr17 89 phosphorylation and thereby Ca 2+ fluxes via the SERCA pumps (48). 90 Mammalian target of rapamycin (mTOR) is part of the multi-protein complex, mTORC1, and plays 91 via e.g. eukaryotic initiation factor 4E-binding protein (4E-BP1) and ribosomal protein S6 p70 92 kinase 1 (p70S6K1) an essential role in the regulation of muscle mass and protein synthesis (22) . 93 Phosphorylation of mTOR ser2448 and activation of mTORC1 have been associated with both 94 atrophy and hypertrophy of skeletal muscles (22; 42). Endurance exercise induces an increased 95 mTOR signaling via phosphorylation of mTOR ser2448 (4) and heavy resistance exercise induces 96 increases in mTOR signaling and protein synthesis (22) . On the other hand, four 30-s sprints did not 97 activate mTOR signaling (21), while other studies implementing high intensity exercise do report 98 activation of mTOR signaling (22) . Due to the ambiguous findings it is of value to examine whether 99 intense exercise induces mTOR signaling and how intensified training affects mTOR signaling. 100 Thus, the aim of the present study was to examine the effects of intense training with reduced 101 volume on FXYD1 expression and phosphorylation during repeated high intensity exercise in 102 trained individuals. In addition, to examine the effect of intensified training with a reduced volume 103 on activation of signaling pathways involving mTOR, AMPK and CaMKII in human skeletal 104 muscles. measure blood flow and for blood sampling. After 30 min of rest subjects cycled for 6 min at 50% 136 of peak power output on an ergometer bike (Monark, Ergomedic 839E, Vansbro, Sweden), then 137 after 30 min of rest, for 6 min at 70% of peak power output and 60 min later for 6 min at 70% of 138 peak power output. Then, after another 60 min of rest, subjects performed a repeated intense 139 exercise protocol, consisting of 2 min at low intensity (20 W), then intense exercise for 2 min 140 (EX1), followed by 2.5 min of recovery and 2 min of low intensity exercise (20 W), and then 141 another intense exercise bout performed to exhaustion (EX2). The intensity during the intense 142 exercise was 90% of peak aerobic power output (356±6 W). This article focuses on training 143 adaptations and changes in relation to the repeated intense exercise protocol performed at the end of 144 one of the two experimental days (Fig.1) . 145 Before the repeated intense exercise protocol, a muscle biopsy (n=7 as one subject did not have 146 biopsies taken) was obtained from the m. vastus lateralis (6) under local anesthesia (1 ml of 147 lidocaine, 20 mg/ml without epinephrine) and incisions were made as preparation for the following 148 three biopsies. A biopsy was collected immediately after EX1, just prior to the low intensity 149 exercise before EX2 and at exhaustion in EX2 within 10 seconds of exercise cessation with the 150 subjects still placed on the bike (Fig. 1 ). All muscle samples were immediately frozen in liquid N 2 151 and stored at -80°C until analyses were initiated.
153
Protein expression in muscle homogenate lysates 154 Protein expression was determined as described previously (54). In short, samples of approximately 155 2.5 mg freeze dried human muscle tissue were dissected free from blood, fat and connective tissue.
156
Samples were homogenized for 1 min at 28,5 Hz (Qiagen Tissuelyser II, Retsch GmbH, Haan, 3 ml glycerol, 0.93 g DTT, 1 g SDS and 1.2 mg bromophenol blue) and ddH 2 O to reach equal 165 protein concentration before protein expression were determined by western blotting. The primary antibodies used in the present experiment were optimized by use of mixed human 182 muscle standard lysates to ensure that the protein amount loaded would result in band signal 183 intensities localized on the steep and linear part of a standard curve. To determine total and 184 phospho-specific protein expression the antibodies included in Table 1 were used with the 185 localization of the quantified signal noted. The phospho-specific Acetyl-CoA carboxylase (ACC) α 186 ser79 antibody (#07-303, Millipore) was previously shown to recognize the equivalent ser221 in 187 human ACC β (45; 57) and therefore used to determine ACC β ser221 phosphorylation. The All of the FXYD1 antibodies used in the present study were previously shown to detect FXYD1 in 194 human skeletal muscle (5; 52) as well as FXYD1 in other tissues (18; 41; 50). In order to interpret 195 the data meaningfully, it should be noted, that AB_FXYD1 recognizes mainly unphosphorylated 196 FXYD1, however, phosphorylation at ser63, ser68 and thr69 reduces the AB_FXYD1 signal 197 intensity, as the antibody epitope is located in the C-terminal region of FXYD1 protein, where the 198 phosphorylation sites are also located (5; 41; 50; 53). This was confirmed in the present study by 199 dephosphorylation of the membrane proteins (43) after the original western blot analysis with 200 AB_FXYD1: The original PVDF membrane was first reactivated in ethanol and afterwards 201 incubated in TBST. Then the membrane was incubated in a stripping buffer (0.5 M Tris-HCL; pH 202 6.7, 2% SDS and 100 mM 2-Mercaptoethanol) at 50 °C for 2 hours. After 3 x 10 min washing in 203 TBST in another container, the membrane was blocked with TBST including 2% skimmed milk in 204 15 min and incubated in secondary antibody for 1 hour. Membranes were then washed again for 3 x 205 15 min and the stripping procedure was confirmed by exposure of the membrane. When the entire 206 primary antibody was removed by the stripping protocol, the dephosphorylation protocol was 207 conducted by incubating membranes for 2 hours at 37 °C in the dephosphorylation buffer (50 mM 208 Tris-HCL, 0.1 mM Na 2 EDTA, 5 mM DTT, 0.01% Brij 35 and 2 mM MnCl 2 ; pH 7.5) including 500 209 U/ml lambda protein phosphatase (P07535, New England BioLabs). Then the membrane was 210 blocked with TBST including 2% skimmed milk, incubated overnight in AB_FXYD1, washed 2 x 5 211 min in TBST, incubated for 1 hour in secondary antibody and exposed by ECL. Following this 212 procedure, total FXYD1 expression (using AB_FXYD1 on dephosphorylated proteins) was shown 213 to be significantly increased (0.91±0.05 vs. 1.04±0.06) after compared to before the training 214 intervention. A similar result (30% increase) was obtained with the total FXYD1 antibody ( Table   215 2), raised against the N-terminal region of the FXYD1, confirming the AB_FXYD1 phospho-216 specificity. For clarity purposes, data obtained with AB_FXYD1 is inverted and shown as 217 1/AB_FXYD1, thus an increase on the figure (Fig. 3A) represents an increase in non-specific 218 FXYD1 phosphorylation.
219
AB_FXYD1ser68 (originally named CP68) is phospho-specific for ser68 residue in humans (52), 220 although it should be noted that the affinity for ser68 residue is affected by the phosphorylation 
234
In order to take into account the phospho-specificity and -sensitivity of the used antibodies,
235
AB_FXYD1ser68/AB_FXYD1 ratio ( Fig 3D) was used as an alternative to determine ser68 236 phosphorylation ( Fig. 3C ), as done in the past (54), whereas, FXYD1thr69/AB_FXYD1 ( Fig. 3F ) 237 was used as alternative to determine thr69 phosphorylation ( Fig. 3E ). These ratios may overcome 238 that the determination of FXYD1 ser68 and thr69 phosphorylation probably are affected by 239 simultaneously phosphorylation at the two sites located next to each other. Data obtained from the 240 ratio FXYD1ser68/AB_FXYD1 were similar to AB_FXYD1ser68/AB_FXYD1 and not included. 
Results

258
Effect of the training intervention on protein expression 259
Total expression of muscle FXYD1, CaMKII γ/δ, PLN, mTOR and actin was 30% (P<0.01), 25% 260 (P<0.01), 16% (P<0.01), 12% (P<0.05) and 40% (P<0.05) higher after than before the training 261 intervention. The expression of 4E-BP1 was 24% lower (P<0.05) after than before the training 262 intervention. CaMKII β M expression tended (P=0.072) to be higher after compared to before the 263 training intervention, whereas the expression of AMPKα2, eEF2 and p70S6K1 was not changed 264 with the training intervention (Table 2) . PKCα/β thr638/641 phosphorylation did not change during the repeated intense exercise, but after 283 the training intervention, it was higher (P<0.01) before EX2 compared to rest (Table 3) . After the 284 training intervention PKCα/β thr638/641 phosphorylation was higher at the end of EX1 (P<0.05) 285 and before EX2 (P<0.01) compared to before the training intervention.
287
CaMKII thr287, PLN thr17 and eEF2 thr56 phosphorylation 288 Neither CaMKII β M nor γ/δ subunit thr287 phosphorylation was altered during the repeated high 289 intensity exercise. After the training intervention CaMKII γ/δ thr287 phosphorylation was higher 290 (P<0.01) at rest and both CaMKII β M and γ/δ thr287 phosphorylation were higher (P<0.01) before 291 and after EX2, compared to before the training intervention (Table 3) .
292
After the training intervention Phospholamban (PLN) thr17 phosphorylation, was higher at rest 293 (P<0.01) compared to before the intervention. Furthermore, before the training intervention, PLN 294 thr17 phosphorylation was higher before EX2 compared to rest, while there were no changes in 295 PLN thr17 phosphorylation with exercise after the training intervention (Table 3) . 296 Another CaMKII downstream target, eukaryotic elongation factor 2 (eEF2) thr56 phosphorylation, 297 was increased at rest (P<0.01) and after EX2 (P<0.05) after the training intervention compared to 298 before. Before the training intervention eEF2 thr56 phosphorylation after EX2 was higher (P<0.05) 299 than at rest, while after the intervention the eEF2 thr56 phosphorylation after EX2 was higher 300 (P<0.05) than at all other time points (Table 3) . After the training intervention mTOR ser2448 phosphorylation was higher before EX2 (P<0.01) 305 and after EX2 (P<0.05), compared to before the training intervention (Table 3) . 306 Before the training intervention mTORC1 activity determined by p70S6K1 thr389 phosphorylation 307 at all time points was higher (P<0.05) compared to rest. After the training intervention p70S6K 308 thr389 phosphorylation was higher (P<0.05) after EX1 compared to rest (Table 3) . 309 The mTOR substrate eukaryotic initiation factor 4E-binding protein 1 (4E-BP1) thr37/46 310 phosphorylation was not changed with neither exercise nor training (Table 3) . AMPKα thr172 and ACC β Ser221 phosphorylation 313 Before the training intervention, AMPKα thr172 phosphorylation was higher (P<0.01) after EX2 314 compared to the other time points. After the training intervention AMPKα thr172 phosphorylation 315 after EX2 was lower (P<0.01) than before the training intervention (Table 3) . 316 As a downstream target of AMPK, the ACC β ser221 phosphorylation was higher after EX1 317 (P<0.001) and before EX2 (P<0.01) compared to rest, and was further increased (P<0.05) at 318 exhaustion, but was not affected by the training intervention (Table 3) . The main findings of the present experiment were that seven weeks of intensive training, with a 323 reduced training volume, increased the total expression of FXYD1 and elevated the resting non-324 specific FXYD1 phosphorylation level in endurance trained cyclist. In addition, repeated intense 325 exercise after the training intervention induced a higher level of non-specific FXYD1 326 phosphorylation than before the intervention. This was dominated by higher phosphorylation at 327 FXYD1 ser68 residues. Other important findings were that the training intervention elevated the 328 expression of actin, mTOR, PLN and CaMKII γ/δ and lowered the 4E-BP1 expression. 329 Furthermore, the resting PLN thr17 phosphorylation, the overall PKCα/β thr638/641 and mTOR 330 ser2448 phosphorylation during repeated intense exercise as well as CaMKII thr287, and eEF2 331 thr56 phosphorylation at rest and during exercise was higher after compared to before the training 332 intervention.
333
Total FXYD1 expression was higher after compared to before the intensified training period, with 334 no change in NaK pump α-and β-isoform expression (NaKα1: -11%, NaKα2: -8%, NaKβ1: -3%; 335 (23). In contrast, no change in total FXYD1 expression, but elevated NaK pump α1-, α2-and β1-336 isoform protein expressions were shown after 10 days of moderate intensity (75-100% of VO 2 peak ) 337 cycle training in recreationally active subjects (5). Thus, it appears that the intensity of training 338 and/or the training status of the subjects are important for adaptation of muscle FXYD1. In support 339 of the first notion, sprint training in rats induced higher muscle FXYD1 levels, while endurance 340 training did not have any effect on FXYD1 expression (38). Treadmill running with a 10%-grade, 5 341 days a week for 45 min in about 14 weeks, elevated FXYD1 expression in rat skeletal muscles (40).
342
The different effect of the various training forms may have been caused by the degree of the FT 343 muscle fiber stimulation, as FT muscle fibers are expected to be more activated during the intense 344 training. In agreement, it has been demonstrated in humans, that the exercise (5 min cycling at 95% 345 of VO 2 max ) induced change in FXYD1 phosphorylation is more pronounced in type II fibers than in 346 type I fibers (51).
347
In the resting state, non-specific FXYD1 phosphorylation and ser68 phosphorylation was higher 348 after compared to before the training intervention. In agreement, a higher level of FXYD1 ser68 349 phosphorylation at rest was observed after two weeks of intensified training in soccer players (54).
350
In contrast, 10 days of moderate intensity exercise training did not induce changes in the resting 
371
After the training intervention non-specific FXYD1 phosphorylation was higher at the end of EX1 372 and before EX2, due to higher FXYD1 ser68 phosphorylation, compared to before the intervention.
373
The training intervention did not affect FXYD1 thr69 phosphorylation, which is in agreement with 374 findings after a period of moderate intensity training (5). The training induced increase in PKCα/β 375 thr638/641 phosphorylation may have contributed to the elevated FXYD1 phosphorylation, since 376 PKCα activity has been shown to be required for contraction induced FXYD1 phosphorylation in 377 mouse skeletal muscles (52) and other tissues (7; 18; 35).
378
The higher expression of FXYD1 and FXYD1 phosphorylation after compared to before the 379 training intervention may have affected the NaK pump activity and, hence, muscle potassium 380 reuptake at rest and during contractions (10). In rat skeletal muscles around 30% of the α-subunits 381 were co-expressed with FXYD1 (39), and the finding of a larger amount of FXYD1 may suggest a 382 higher degree of NaK pumps found as α/β/FXYD1 or a higher pool of free FXYD1 proteins. It has 383 been shown in Xenopus oocytes, that the affinity for potassium (K + ) and especially sodium (Na + ) is 384 lower for α/β/FXYD1 pumps compared to α/β pumps (both α1/β1 and α2/β1) without differences in 385 the maximal pump activity (13). Thus, at rest a potential higher amount of α/β/FXYD1 pumps after 386 compared to before the training intervention may per se lower the NaK pump activity, but it may 387 also have been counterbalanced by an increased Na + affinity expected from a higher resting FXYD1 388 phosphorylation (7; 35).
389
Incubation of rat muscle tissue homogenates with an anti-FXYD1 antibody lowered the NaK 390 enzymatic activity by more than 50% compared to samples with no treatment (40), indicating that 391 more FXYD1 increases the activity of NaK pumps in muscles through a higher amount of NaK 
405
An increased exercise-induced extracellular K + concentration has been linked to depolarization of 406 the muscle membranes, decreased excitability and muscle fatigue. Therefore higher muscle K + 407 reuptake is expected to improve performance. Improved K + handling and exercise performance has 408 been related to higher NaK pump content after a period of training (25; 31-33). On the other hand, EX2 higher than rest before IT (Pre) and ¤¤ End of EX2 higher than before EX2 before IT (Pre). are normalized to mean at rest before the intervention period (PRE) and expressed as means ± SEM.
724
The overall statistical effects -Acute exercise: P<0.001, Training: P=0.004 and Interaction: 725 P=0.920. * Post higher than Pre. # End of EX1 higher than all other time points. ## End of EX2 726 higher than Rest and before EX2. $ End of EX1 higher than all other time points after IT (Post). ¤
727
End of EX1 higher than Rest and before EX2 before IT (Pre). Values are means ± SE in arbitrary units; n = 7. The main statistical P-values obtained from a Two-way RM ANOVA 793 statistical analysis are expressed. Protein expression is different after compared to before the training intervention * P 794 < 0.05, and ** P < 0.01. Protein expression tended to be different after compared to before the training intervention # 795 P < 0.10. 796 797 36 
